Introduction
Cognitive impairments are often associated with childhood epilepsy and can be a crucial complication of the condition contributing to negative psychosocial outcomes. 1 Cognitive outcome in childhood epilepsy is likely to be related to underlying aetiology, abnormal brain structure and epileptic activity, 2, 3 with the contributions of each likely to be interrelated. 4 Cognitive impairments in childhood epilepsy can be global, affecting overall cognitive ability/IQ with a high association with global cognitive impairment and intellectual disability (IQ > 70). 5, 6 Cognitive difficulties can also be specific, affecting particular aspects of cognitive functioning in the absence of, or of a greater magnitude than, the global difficulties. One of the areas of cognition where specific difficulties have frequently been noted is memory. Memory is a crucial part of cognitive functioning, allowing flexibility and adaptation of information from our ever changing environment. 7 Understanding of the mechanisms responsible for the cognitive problems, including memory difficulties, often associated with childhood epilepsy lags far behind that of knowledge of the mechanism of epilepsy. 8 Epilepsy interferes with the developmental trajectory of brain networks underlying cognition 9 and it would appear that the underlying aetiology of a child's epilepsy is involved in the mechanism of permanent deficits in cognition. 8 This underlying aetiology contributes to the generation of seizures as well as lasting changes in neural circuits affecting the brains' ability to process and store information. These impairments likely result from temporary disruption of neural activity patterns and can become permanent if seizures or epileptiform activity are more frequent. How changes in neural circuitry contribute to memory or other cognitive processes is not clear. It is also not clear if different aetiologies, different types of seizures or different medications affect cognitive processes in a different manner. Impairments in memory can have a detrimental impact on quality of life in childhood epilepsy 10 and memory impairments are associated with difficulties in academic achievement in Seizure 25 (2015) [126] [127] [128] [129] [130] [131] [132] [133] [134] [135] childhood epilepsy, even after IQ has been controlled for. 11 Therefore, understanding the prevalence of difficulties in memory and possible predictors of such difficulties is essential with respect to improving quality of life and everyday functioning in the condition. An important consideration in treatment of epileptic seizures is the impact of such treatment on cognitive and behavioural impairments. It is important to balance the need to treat seizures with the need to minimise cognitive and behavioural side effects. Therefore, it is important to know if treatments, such as AEDs and surgery affect memory functioning. The purpose of this paper is to review studies on memory in childhood epilepsy with a focus on prevalence of difficulties in comparison to controls and normative scores on standardised tests of memory. The review also focuses on the impact of epilepsy surgery on memory performance. The final part of the review focuses on predictors of memory in childhood epilepsy.
Material and methods

Methods
The PRISMA guidelines were followed for this systematic review methodology. 12 
Search and selection process
The electronic database PubMed was searched from 8th August 1993 to 8th August 2013 using the following search terms in the 'Title/Abstract'; 'memory', 'children' and 'epilepsy'. Only English language articles were considered for this review. Eligibility and selection of relevant articles were first assessed by screening results based on title/abstract review and removing duplicates. The full texts were then screened according to predefined inclusion and exclusion criteria outlined below. The search and selection process was performed together by two reviewers (HS, LM).
Criteria for inclusion and exclusion
To meet the criteria for inclusion in this review studies had to refer to children (aged 0-18 years), contain more than 10 participants and include standardised measures of memory. Review articles were excluded. Of the 282 search results a total of 88 studies met criteria for inclusion (refer to Supplement 1 for overview of studies used in review).
Data extraction and analysis
The analysis within this review focused on extracting the following data from all relevant studies: (1) in children with epilepsy compared to controls, (2) memory performance in children with epilepsy compared to normative scores, (3) memory performance in children with epilepsy pre and post-surgery, (4) predictor variables for memory in children with epilepsy ( Fig. 1) .
Results
Children in the included studies ranged from 3 to 18 years with a similar number of males and females in most of the studies. With respect to types of epilepsy a wide range of categorisations have been used, making comparisons between studies based on epilepsy syndromes or aetiology difficult. Table 1 compares memory scores in studies of children with epilepsy and 'control' groups. In 38/49 (78%) studies children with epilepsy scored lower than control children. However, in 12/49 (24%) studies, 13, 21, 30, 35, 37, 40, 42, 45, 50, 53, 57, 59 memory scores for children with epilepsy were no different than children without epilepsy. Studies which have focussed on comparisons between memory scores in children with epilepsy before and after surgery are displayed in Table 3 . The impact of epilepsy surgery on memory performance results are mixed. Seven studies out of 14 (50%) suggest that at least some aspects of memory are better postsurgery, 52, 60, 69, 76, [80] [81] [82] whereas seven (50%) suggest memory performance remains the same after surgery. 16, 51, 57, 71, 76, 79, 83 One study suggests that figurative memory was worse after surgery 80 and another that verbal memory scores declined after surgery. 79 When looking at different types of memory, one study found that surgery had no effect on verbal memory and design recall tasks but that face recognition improved in children with epilepsy after surgery.
75 Table 4 shows significant predictors of memory scores in children with epilepsy. A total of eight predictor variables have been considered across the studies, although only five were assessed in more than five studies; AEDs (25 studies), age of onset (21 studies) seizure frequency (16 studies), duration of epilepsy (9 studies) and age (8 studies). In relation to AEDs, 19 of 25 (76%) studies show no impact of AEDs on memory performance. Of those that did show an effect, the impact on memory performance was negative. 19, 31, 36, 58, 86 In relation to age of onset, eleven (52%) studies show no impact and seven studies (33%) suggest that risk of memory difficulties is greater for children with younger age of epilepsy onset. 19, 29, 46, 55, 85, 87, 90 Increased seizure frequency was associated with worse performance in five of 16 (31%) studies, 26, 46, 49, 54, 84 with the rest of the studies showing no significant effect of seizure frequency on memory performance. Longer duration of epilepsy was associated with an increased risk of memory impairment in two of eight (25%) studies where it was reported. 19, 73 Five of eight (63%) studies which looked at chronological age found younger age to be a significant predictor of memory impairment. 38, 61, 82, 88, 89 Gender differences in memory task performance were found in two of five (40%) studies. Girls performed better than boys on delayed recall of stories and the learning phase of word list tasks, whereas boys performed significantly better on visual memory tasks than girls. 61, 68 One study assessed the effect of comorbidity on episodic and semantic memory. The types of comorbidities included in this study were academic difficulties, depression, aggressive behaviour, attention deficit/hyperactivity disorder, anxiety and Asperger's disorder. It was found that the presence of comorbidity had no effect on memory performance. 65 
Discussion
The purpose of this review was to examine studies which have focussed on the performance of children with epilepsy on measures of memory. The majority of studies reported lower memory scores in children with epilepsy compared to controls without epilepsy. Most studies also report that children with epilepsy score below normative scores on memory performance tasks. The difficulties in memory experienced by children with Siren et al. 40 epilepsy span a wide range of memory instruments and thus indicate impairment across a wide range of aspects of memory. The wide range of assessment instruments used and diversity in samples makes it difficult to comment authoritatively on whether or not particular aspects of memory are more likely to be affected or whether particular syndromes are more likely to be associated with particular impairments. Some studies have noted particular aspects of memory to be more at risk. It was found that children with epilepsy scored lower than normative scores on measures of spatial tasks with high memory load or long delays, but not on short delay memory tasks which were within the normal range. 59 Lindgren et al. 75 reported that the percentage of children with epilepsy scoring below average on various memory tasks were: immediate memory (31%), auditory-verbal memory and learning (65%), visuospatial memory and learning (4%) and delayed recall (15%). In terms of epilepsy type/ syndrome the wide range of epilepsy types/syndromes reported and difference in how epilepsy is categorised makes comparisons across studies difficult. One study that involved a comparison of epilepsy types did note a difference. Nolan et al. 73 noted that scores for children with absence epilepsy on measures of verbal memory, did not significantly differ from the normative scores, however children with frontal and temporal lobe epilepsy scored lower than normative scores for these verbal memory tests. Kernan et al. 26 reported that children with absence epilepsy and children with complex partial seizures did not differ on measures of memory. Studies of memory functioning did not find that performance declined after epilepsy surgery compared with performance before surgery, with the exception of two studies 79, 80 where some, but not all aspects of memory showed a decline. Viggedal et al. 80 found that post surgery figurative memory scores were lower for children with epilepsy. However, working memory improved after surgery in 73% of participants and verbal memory improved in half of the subjects but declined in the other half. 80 Szabo et al. 79 found that verbal memory scores were worse after surgery for children with temporal lobe epilepsy who initially performed above the median preoperatively and tended to decrease in children who had left, rather than right, temporal lobe resection. No change after surgery was found in children with temporal lobe epilepsy who had temporal lobe resection (TLR) in two studies. 51, 57 Short term and long term memory were found to improve in children with temporal lobe epilepsy after surgery in one study. 52 These results suggest that aspects of memory may be affected differently after surgery in children with temporal lobe epilepsy. Seven studies found an improved post surgery performance. 52, 60, 69, 76, 80, 81, 83 However, some studies reported no difference before and after surgery. For example, face recognition and story recall did not change after surgery in one study. 71 Oitment et al. 16 reported no change in memory scores after surgery in children with epilepsy, even in the 56% of patients who became seizure free after surgery. Although a better cognitive outcome might be expected with seizure freedom, underlying neurological impairment may influence cognition, not the seizures themselves. 93 One study noted group differences with respect to memory performance and laterality of epilepsy pre and post surgery. Children with left temporal lobe epilepsy did not change after surgery, whereas right temporal lobe epilepsy patients' scores improved post surgery. 60 The improvement in memory in some studies post-surgery could be due to the larger potential for cerebral plasticity in children. 57, 82 However, studies with longer follow up periods and comprehensive memory batteries are needed. Epilepsy surgery has known benefits for seizure frequency, but there is significant individual variation with respect to memory and other cognitive functions. Additionally other clinical factors should also be considered when predicting memory outcome after surgery, for example age, gender, side of excision, site, time of surgery, duration of epilepsy and extent of brain affected. In line with this, younger age and early surgery have been found to predict good memory outcome in children with temporal lobe epilepsy, 57, 69, 82 whereas longer duration of epilepsy and left-sided surgery were associated with memory impairment. 82 However, one study found that none of these factors significantly predicted memory outcome after surgery. 93 Therefore, further research on the role of clinical factors in predicting memory outcome after surgery is needed. With regard to predictors of memory performance in childhood epilepsy there is a lack of consensus from the data with respect to significant predictors. This is likely to be due to the wide variation of memory measures used, definitions of epilepsy and definitions of predictors. Factors such as earlier age of onset, increased seizure frequency, longer duration of epilepsy and greater number of AEDs used have been found to be related to memory impairments in some, but not all studies. These factors have previously been reported to be associated with global cognitive difficulties 5, 94 and therefore, it is not clear if their impact on memory is over and above that of their impact on global cognitive functioning. However, Kernan et al. 26 noted that children with absence epilepsy and complex partial seizures both demonstrated mild verbal memory deficits that were not associated with deficits in generalised cognitive functioning. It is somewhat surprising that more studies have not focussed on possible contributions from comorbid behavioural and psychiatric conditions, such as ADHD given the close relationship between memory and attention and high risk for ADHD in childhood epilepsy. 95 When interpreting the findings of this review, it is important to consider limitations of the research studies. Firstly, there is a lack of population-based data. The majority of participants are recruited from hospital-based samples which limits the generalisability of results to all children with epilepsy. Studies have used a wide range of instruments and epilepsy has been defined and categorised in varying ways. Predictor variables have differed across studies, making comparison between studies difficult. Reporting group means can be potentially misleading as on an individual level performance may vary significantly. Not all studies provided means and standard deviations, therefore it was not feasible to calculate effect sizes. Furthermore, the statistical methods used in studies differed and teasing out the independent contributors of factors was not always feasible.
Conclusion
Children with epilepsy appear to be at significant risk for memory impairment. It is not clear if this impairment is over and above global cognitive impairment as most studies have not controlled for IQ or compared memory with different aspects of cognitive functioning. The noted memory impairments point to the need for comprehensive neuropsychological assessment to identify the extent and nature of the difficulties. Further research is needed to identify consistent predictor variables of memory impairment in children with epilepsy. Population-based studies using comprehensive memory batteries and clearly defined syndromes/types of epilepsy are also needed to garner estimates of the prevalence and nature of the problem as well as identifying contributory factors. There are no published studies on interventions to support the memory of children with epilepsy and thus there is a need to see what support and interventions may be useful in this population. There is also a need to explore the neurobiology of memory impairments in childhood epilepsy to better understand the role of contributor factors such as underlying brain dysfunction and seizures.
